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ABSTRACT 
The Long-Term Evolution (LTE) network is a new radio access technology (RAT) 
proposed by the Third Generation Partnership Project (3GPP) to provide a smooth 
migration towards the fourth generation (4G) network. Long Term Evolution-Advanced 
(LTE-A) is a major enhancement of the LTE standard proposed by the 3GPP to meet 
the 4G mobile communication standards.  
Handover is one of the key components in cellular network mobility management. 
Handover is a mechanism that transfers an on-going call or data session from one base 
station (BS) to another BS or one sector to another sector within the same BS. Hard 
handover has been adopted in LTE and LTE-A systems by 3GPP due to the flat IP-
based architecture and the lack of a centralized controller. The use of hard handovers 
reduces the complexity of the handover mechanism and minimizes the handover delay. 
However, the hard handover approach causes call drops that may result in lost data 
during a session. The objective of this thesis is to provide the basis for improving 
handover performance in the LTE and LTE-A systems. 
A C++ system level simulator that can dynamically model the large and complex 
downlink LTE and LTE-A was developed as part of this research work followed by a 
proposed handover parameters optimization method. The simulation results show that 
the handover parameters optimization method can effectively minimize the unnecessary 
number of handovers while maximizing the system throughput. 
Under an initial assumption of an ideal mobile cellular channel (i.e. the mobile cellular 
channel is not subject to any impairment), this thesis proposes a new handover 
algorithm in the LTE system and three new Coordinated Multiple Transmission and 
Reception (CoMP) handover algorithms in the LTE-A system. The simulation results 
show that the proposed handover algorithm outperforms well-known handover 
algorithms in the LTE system by having less number of handovers, shorten total system 
delay whilst maintaining a higher total system throughput. The performance of the 
proposed CoMP handover algorithms are evaluated and compared with open literature 
CoMP handover algorithm via simulation. It is shown via simulation that the proposed 
 - v - 
CoMP handover algorithms can improve the system throughput and minimize the 
system delay in a saturated system scenario in the LTE-A system. 
A more practical LTE-A system where the mobile cellular channels are subject to 
impairments is considered for performance testing of selected CoMP handover 
algorithms. The impairments for a practical LTE-A system are assumed to be in two 
scenarios: outdated feedback and missing feedback. It is shown via computer 
simulations that the system throughput and system delay are very sensitive against 
outdated Channel Quality Information (CQI) feedback and missing CQI feedback. 
Furthermore, a handover failure caused by an inappropriate feedback increases the 
number of unnecessary handovers which require additional resources in the network 
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f  Frequency of the transmission 
fi,n  Discrete Doppler frequency of process i of the nth sinusoid 
fmax  Maximum Doppler frequency 
FDIFs_i(t)   Filtered RSRP difference value of user i at serving cell s at time t 
G(t)  Gaussian random variable of user i at time t 
gaini,j(t)  Channel gain of user i on PRB j at time t 
hb  Height of the eNB 
hm   Height of the user terminal 
HisRButilizec(t)   Historical RB utilize value of cell c at time t 
Hys    Hysteresis parameter for handover event 
HOt_i   Number of handovers of user i at time t 
ICI  Inter-cell interference 
Ii(t+1)  Indicator function of the event that packets of user i are selected 
for transmission at scheduling interval t+1 
J   Total number of PRBs 
loci(t)   Location of user i at time t 
Mn   Measurement result of the neighbouring cell 
mpathi,j(t)  Multi-path fading gain of user i on PRB j at time t 
Ms    Measurement result of the serving cell 
N   Total number of users 
No  Thermal noise 
Nd  Number of embedded objects in a web browsing packet call 
Ni  Number of sinusoids of process i 
Nservice  Total number of users of a service  
Np   Total number of periods 
Ocn   Cell specific offset of the neighbour cell 
Ocs    Cell specific offset of the serving cell 
Ofn  Frequency specific offset of the neighbour cell frequency 
Off  Offset parameter for handover event 
Ofs  Frequency specific offset of the serving cell frequency 
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pdiscardc_i(t)   Total discarded packet size of cell c whichever earlier received by 
UE i at time t 
pdiscard_servicei(t) Total size of discarded packets (in bits) of user i of a service at 
time t 
pli(t)   Path loss of user i at time t 
prxi(t)  Total size of correctly received packets (in bits) of user i at time t 
psizec_i(t)   Total packet size of cell c whichever earlier received by UE i at 
time t 
psize_servicei(t)  Total size of all packets that have arrived into the eNB buffer of 
user i of a service at time t 
ptransmitc_i(t)   Number of transmitted bits of cell c received by UE i at time t 
Ptotal  Total eNB transmit power 
PRBmaxc  Total PRBs in cell c 
PRBusec(t)  Total PRBs being used in cell c at time t  
ri(t)  Instantaneous data rate (across the whole bandwidth) of user i at 
scheduling interval t 
Ri(t)  Average throughput of user i at scheduling interval t 
RBmax  Maximum available number of PRBs 
RButilizec(t)   RB utilize value of cell c at time t 
REdata  Total number of REs specified for downlink data transmission 
RSRPavgS_i   Average RSRP received by user i from serving cell S 
RSRPi,j(t)  RSRP of user i on PRB j at time t 
)(tRSRP i   Average RSRP of user i among all PRBs at time t 
RSRPS_i(nTm)   RSRP received by user i from serving cell S at nth Tm 
RSRPS   RSRP received from the serving cell 
RSRPT   RSRP received from the target cell 
RSRPT_CCS   RSRP received from the target cell in the CCS 
RSRPT_CTP  RSRP received from the target cell in the CTP 
RSS    Filtered RSS measurement 
S(nTu)RSS   Filtered RSS of the serving cell at nth Tu  
T(nTu)RSS   Filtered RSS of the target cell at nth Tu  
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service PLR  PLR of a type of service (either RT or NRT service) 
SE  Web browsing embedded object size 
SM  Web browsing main object size 
T  Total simulation time 
Tp  Web browsing parsing time  
Tm  Handover measurement period 
Tu   An integer multiple of Tm 
THO   Total number of handovers 
TOAl,i  Time of arrival of the lth packet of user i in the eNB buffer 
vi(t)  Speed of user i at time t 
Wi(t)  Delay of the HOL packet of user i at time t 
X  Resolution in pixel 
Y  Resolution in pixel 
 

